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Although intermittent episodes of low-level viremia are often observed in well-suppressed highly active
antiretroviral therapy (HAART)-treated patients, the timing and amplitude of viral blips have never been
examined in detail. We analyze here the dynamics of viral blips, i.e., plasma VL measurements of >50
copies/ml, in 123 HAART-treated patients monitored for a mean of 2.6 years (range, 5 months to 5.3 years). The
mean (� the standard deviation) blip frequency was 0.09 � 0.11/sample, with about one-third of patients
showing no viral blips. The mean viral blip amplitude was 158 � 132 human immunodeficiency virus type 1
(HIV-1) RNA copies/ml. Analysis of the blip frequency and amplitude distributions suggest that two blips less
than 22 days apart have a significant chance of being part of the same episode of viremia. The data are
consistent with a hypothetical model in which each episode of viremia consists of a phase of VL rise, followed
by two-phase exponential decay. Thus, the term “viral blip” may be a misnomer, since viral replication appears
to be occurring over an extended period. Neither the frequency nor the amplitude of viral blips increases with
longer periods of observation, but the frequency is inversely correlated with the CD4�-T-cell count at the start
of therapy, suggesting that host-specific factors but not treatment fatigue are determinants of blip frequency.

Since the introduction of highly active antiretroviral therapy
(HAART), there has been a dramatic decrease in human im-
munodeficiency virus (HIV)-related mortality. In diverse co-
horts, most HAART-treated patients attain “undetectable”
levels of plasma viral RNA (�50 copies/ml) within months of
starting antiviral therapy. However, levels of HIV type 1
(HIV-1) RNA in plasma of �50 copies/ml do not imply that
viral replication has stopped (2, 4, 5, 9, 21, 23, 24), and most
patients have intermittent positive plasma HIV-1 RNA deter-
minations (viral blips) (2, 18, 23). The source and meaning of
viral blips in the setting of seemingly effective HAART remain
unclear. Viral blips might result from release of drug-sensitive
virions from the latent reservoir (7) or might signal viral rep-
lication that occurs as a result of lack of adherence to drug
treatment or increases in target cells secondary to infection or
vaccination (10) that allow greater opportunities for viral rep-
lication when drug therapy is not completely suppressive. It has
been reported that viral blips are correlated with the emer-
gence of drug-resistant virions (1), a finding suggestive of on-
going replication driving blips. In addition, we previously
showed that an increased frequency of blips correlates with a
slower decay of latently infected cells (18), again suggesting
ongoing replication during blips, which in this case refills viral
reservoirs (8). Easterbrook et al. (3) found that HAART-
treated patients exhibiting intermittent viremia of �400 cop-
ies/ml were three times more likely to experience sustained
viral rebound and to have impaired CD4 cell rises relative to
those that maintained undetectable viral loads (VLs; �400

copies/ml). In contrast, Havlir et al. (6) found that blips in
patients treated with protease inhibitor-based HAART regi-
mens were not associated with virologic failure over 4.5 years
of observation, and Sklar et al. (22) found that the occurrence
of transient viremia was independent of whether the patient
was HAART naive or experienced or currently taking protease
inhibitors or not. Also, such viremia did not appear to affect
the risk of developing sustained viremia.

Whether blips represent random events or follow some pat-
tern that could provide information about ongoing events in
patients with “undetectable” VLs is the focus of the present
study. Here we provide a comprehensive analysis of the dy-
namics of viral blips by analyzing plasma VL data from eight
prospective studies of combinations of antiviral therapy in het-
erogeneous cohorts of HIV type 1 (HIV-1)-infected individu-
als (Table 1).

MATERIALS AND METHODS

VL data and substudy treatments. VL data were obtained with a reverse
transcriptase PCR (RT-PCR) assay (Amplicor; Roche Diagnostics Systems, Al-
ameda, Calif.) with a lower threshold of 50 copies/ml of plasma. The patients
were tested on average once a month and on average had 26 VL measurements,
taken during their period of sustained VL suppression (Table 1). Given the
density of sampling and the mean follow-up period, this set of patients represents
a relatively rich data set from which knowledge on blip dynamics can be ex-
tracted.

Study subjects were treated with daily dosages of selected antiviral medications
in one of eight combinations: (i) lopinavir (LOP), 1,066 mg; ritonavir (RIT), 266
mg; tenofovir DF (TDF), 300 mg; efavirenz (EFV), 600 mg; and lamivudine
(3TC), 300 mg; (ii) RIT, 800 mg; saquinavir (SAQ), 800 mg; zidovudine (ZDV),
600 mg; and 3TC, 300 mg; (iii) abacavir (ABC), 600 mg; amprenavir (APV),
2,400 mg; and 3TC, 300 mg; (iv) ABC, 600 mg; APV, 2,400 mg; ZDV, 600 mg;
and 3TC, 300 mg; (v) nelfinavir (NLF), 1,500 mg; RIT, 800 mg; didanosine
(DDI), 400 mg; and stavudine (D4T), 80 mg; (vi) indinavir (IND), 2,400 mg;
ZDV, 600 mg; and 3TC, 300 mg; (vii) NLF, 2,500 mg; ZDV, 600 mg; and 3TC,
300 mg; and (viii) RIT, 2,400 mg; ZDV, 600 mg; and 3TC, 300 mg (Table 1).

Statistical analysis. The distribution of the number of patients versus the viral
blip frequency (see Fig. 2A) was obtained by subdividing the range of observed
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viral blip frequencies per patient into four subintervals and by counting the
number of patients (y axis) exhibiting a viral blip frequency within a given
subinterval (the extremes of each subinterval are shown on the x axis). Analo-
gously, the distribution of number of blips versus viral blip amplitude (see Fig.
4a) was obtained by counting the number of blips (y axis) with amplitude in each
50-copy-width subinterval (the extremes of each subinterval are shown on the x
axis). The relative risk (RR) of observing a blip at the VL measurement after a
blip if the VL measurement is made ��t days later versus the situation in which
the VL measurement is made ��t days later was calculated as follows: RR �
(N1/T1)/(N2/T2). For each �t � 8 days, we first counted the number of pairs of
consecutive VL measurements with the first being a blip and the time between
the measurements being ��t days (T1); we then counted the number of pairs
among T1 that had a blip at the second VL measurement (N1). T2 and N2 are
defined analogously with ��t replaced by ��t days. The RR value obtained from
the patient database was then compared for each �t with RRrnd, defined as the
mean relative risk computed in 1,000 randomly reordered databases in which the
data were randomly reordered within each patient from the third to the penul-
timate VL measurement.

The change in viral blip frequency over time was analyzed by subdividing the
period of VL suppression in nonoverlapping and consecutive subperiods. The
analysis was restricted to patients that were observed for �2 years (during the
period of sustained VL suppression), 3 years, or 4 years. Each subinterval was
fixed to 180 days (6 months), 270 days (9 months), or 360 days (1 year), and the
analysis was limited to the first 2, 3, or 4 years, respectively. Given the definition
of the period of VL suppression, the left extreme of the first time window was
fixed at the third VL measurement of the period of suppression. The difference
between the means of the blip frequency within each subperiod was tested for
significance by the nonparametric repeated-measurement analysis of variance
(Friedman test) (13). The difference between the means of the viral blip ampli-
tudes occurring within each subperiod was tested for significance by the Kruskal-
Wallis test. The correlation between frequency of viral blips during the period of
VL suppression and VL (log number of copies/milliliter) or CD4�-T-cell counts
(cells/microliter) at day zero (start of therapy) was tested for significance with the
Spearman rank correlation test.

For some analyses, data were randomly reordered within each patient main-
taining the same viral blip frequency. To comply with the definition of the period
of VL suppression, the data randomized for each patient consisted of the VL
measurements from the third to the penultimate VL measurement. Thus, if a
patient i had ni VL measurements, then each VL measurement was assigned to
a new rank, randomly extracted without replacement from the set of integers: 3,
. . ., ni � 1.

RESULTS

The general pattern of VL decay observed consisted of a fast
first phase, followed by a slower second phase, a finding con-
sistent with previous observations (16). After 2 to 6 months of
therapy, VLs in most patients fell below the threshold value of
the RT-PCR assay used in these trials, i.e., 50 copies/ml. After

this period, patients usually had VLs below threshold with
occasional blips. We define the period of sustained VL sup-
pression as starting when two consecutive VL measurements
below threshold occur and ending at the last VL measurement
below threshold. Figure 1 shows the periods of sustained VL
suppression in nine different patients showing different viral
blip frequencies.

The eight clinical trials included 175 patients. Patients were
eliminated from this analysis if they did not show a period of
sustained VL suppression or if this period was too poorly
sampled (�4 VL measurements). Using these criteria, a sub-
group of 123 patients was available for viral blip analysis. In
121 of these patients this period lasted for the entire period of
observation. The remaining two patients showed a sustained
rebound of viremia, and the period of analysis was terminated
at the last VL measurement below threshold preceding the
rebound. If the patient abandoned the study or the follow-up
ended, the period of VL suppression was terminated at the last
VL measurement below threshold. Overall, the 123 selected
periods of suppression consisted, on average, of a VL of 26 �
15 (mean � standard deviation) measurements and covered a
time period of 810 � 468 days. The baseline characteristics of
the patients at the time of antiretroviral treatment initiation
are shown in Table 1.

Viral blip frequency. The mean and median frequencies of
viral blips in the 123 patients were 0.09 and 0.06/sample, re-
spectively (Table 1). The distribution of viral blip frequencies,
shown in Fig. 2A, was wide, with 41 patients showing no blips
and 1 patient showing as many as one blip for every two
samples. This distribution suggests that patients have different
tendencies to show viral blips and argues against the hypothesis
that viral blips simply represent assay variation. This can be
addressed more formally by examining the distribution of the
number of patients showing s blips. If patients have the same a
priori probability to have a blip, then the probability of having
s VLs over a given threshold, T, in n VL measurements is given
by the binomial distribution. In our study, VLs were not mea-
sured the same number of times for each patient, invalidating
the use of the simple binomial probability distribution. How-
ever, one can generalize the binomial distribution to the case in
which patients are observed a different number of times and,

TABLE 1. Treatment and baseline characteristics at the time of antiretroviral treatment initiation, as well as the time of observation during
the period of viral load suppression, the number of viral load measurements taken during this period, and the frequency of viral blips during

this period

Treatmenta No. of
patients

Mean � SD

CD4� T cells/�l HIV-1 RNA
(log copies/ml)

Time of
observation (days)

No. of VL
measurements

Frequency
(blips/sample)

LOP/RIT/TDF/EFV/3TC 13 383 � 128 4.82 � 0.80 187 � 81 8 � 3 0.05 � 0.08
RIT/SAQ/ZDV/3TC 21 454 � 283 4.86 � 0.97 1,156 � 372 39 � 16 0.13 � 0.09
ABC/APV/3TC 29 564 � 237 5.15 � 0.97 473 � 199 17 � 8 0.06 � 0.08
ABC/APV/ZDV/3TC 26 515 � 322 4.84 � 0.70 919 � 320 29 � 11 0.08 � 0.08
NLF/RIT/DDI/D4T 11 478 � 177 4.37 � 0.74 720 � 338 23 � 10 0.14 � 0.15
IND/ZDV/3TC 8 423 � 102 5.13 � 0.83 961 � 204 24 � 7 0.06 � 0.10
NLF/ZDV/3TC 10 288 � 164 4.99 � 0.51 1,379 � 490 40 � 17 0.17 � 0.15
RIT/ZDV/3TC 5 591 � 194 4.21 � 0.93 1,194 � 388 24 � 12 0.07 � 0.13

All 123 474 � 254 4.88 � 0.88 810 � 468 26 � 15 0.09 � 0.11

a Antiretroviral agents are as defined in Materials and Methods.
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using this distribution, we have shown that in general patients
have different tendencies to show blips, arguing against assay
variations being the major cause of blips (14).

If blips do not represent assay variations, then we need to
explore the physiological factors that differ among patients,
which might explain the observed variability, and determine
whether the occurrence of blips is of clinical consequence for
the patient. To do this, we first asked how much virus is asso-
ciated with a blip. To be precise, we distinguish the terms viral
blip and an intermittent episode of viremia (IEV), which we
define as starting when the VL increases over the threshold
and ending when the VL returns below the threshold. Thus,
two VL measurements above threshold, i.e., blips, may belong
to the same IEV or may belong to two independent intermit-
tent episodes of viremia. In order to estimate the length of an
episode of viremia, we sought to determine whether, if we
observed one blip at time t, the probability of observing an-
other blip at times up to t � �t was higher for small values of
�t than for large values. The idea here was that over short time
intervals we should be sampling the same episode of viremia
and, as the time interval gets longer, we should begin sampling
different episodes of viremia.

Figure 2B shows p(�t), the probability of observing two
consecutive blips at two consecutive VL measurements, given
that the first measurement is a blip and the subsequent VL
measurement is made at any time up to �t time units later. We
calculated p(�t) by first determining all pairs of VL measure-
ments in which the first is a blip and the subsequent VL
measurement is made ��t time units later. The fraction of
these pairs in which the second VL measurement was also a
blip is p(�t). When the sampling time is �4 weeks the proba-

bility stabilizes to a value that is independent of �t, suggesting
that episodes of viremia may last as long as 4 weeks. To obtain
a more accurate estimate, we also computed the relative risk of
observing a blip when the second VL measurement is made
��t days later versus when the second VL measurement is
made ��t days later. The relative risk of showing a blip at the
VL measurement following a blip becomes statistically indis-
tinguishable (P � 0.05) at �t � 22 days from the relative risk
computed from a data set in which the VL data for each
patient were randomly reordered. Note that the number of
blips in VL measurements scheduled �22 days from the pre-
vious blip accounts for only 5.5% of the total number of blips,
but nevertheless this small fraction turned out to be sufficient
to highlight a statistically significant effect in the relative risk
analysis.

Consecutive blips in VL measurements scheduled less than
22 days apart occur in patients showing a mean blip frequency
of 0.25 � 0.15. This is not significantly different from the mean
blip frequency (0.23 � 0.11; Student t test, P � 0.62) of pa-
tients in which consecutive blips were observed in VL mea-
surements taken more than 22 days apart (i.e., the complemen-
tary group in the relative risk analysis). The latter evidence
excludes the possibility that patients that had a VL measure-
ment shortly after the occurrence of a blip were also the ones
who showed a general higher tendency to show blips during the
entire period of suppression. The elevated probability of show-
ing a blip soon after a blip is additional evidence that blips do
not represent assay variations.

Viral blips occur substantially at random. We next sought to
determine whether blips occur randomly or do they tend to
follow some pattern in time. In Fig. 1, showing the blips in 9

FIG. 1. Occurrence of blips during the period of VL suppression in nine representative patients. The period starts when two consecutive VL
measurements at below the threshold value occur and terminates at the last VL measurement that is below the threshold value. Longer sequences
of consecutive blips are usually observed in patients that show higher viral blip frequencies. max(z), maximum number of consecutive blips; f, viral
blip frequency.
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patients, 2, 3 or 4 consecutive blips sometimes occur. Does this
imply blips are not random or can such “trains” or sequences
of consecutive blips occur by chance? To address this, we
sought to determine whether the distribution of sequences of z
consecutive blips differs from the distribution obtained from a
“random data set” created by randomizing the data within each
patient and thus destroying any order, if present, of blip arrival.
Because blips that occur less than 22 days apart may be part of
the same episode of viremia and hence not random, we ana-
lyzed all of the blip data, as well as a “filtered” set of data in
which blips following a blip by less than 22 days were elimi-
nated. Both analyses gave similar results. This is not surprising
because blips that occur less than 22 days apart account for
only 5.5% of all blips. Figure 2C shows that the number of
trains of z consecutive blips in our full data set falls exponen-
tially with z (slope, m � �1.22; 95% confidence interval, �1.42
to �1.02; test of significance m 	 0, P � 3.5 
 10�4). By
randomizing the data within each patient we observed a similar
exponentially decaying train distribution with a mean decay
constant that is not different from the one observed in the
original data (P � 0.32; mean � the standard deviation slope
among randomly reordered data, m � �1.27 � 0.10; test of
significance, m 	 0; mean value of P � 7.3 
 10�3). Thus,
trains of consecutive of blips, even as long as five, can be
reproduced by the casual occurrence of consecutive and inde-
pendent blips and do not necessarily represent a sustained
episode of viremia lasting for the period covered by the train,
nor do they necessarily indicate treatment failure.

Long trains tend to occur in patients that have a high fre-
quency of blips as evidenced by a positive correlation between
the maximum number of consecutive blips per patient and blip
frequency (Spearman rank correlation between viral blip fre-
quency and maximum length of trains per patient, � � 0.66 [P
� 8.0 
 10�12]. Since this analysis is based on estimates of viral
blip frequency in each patient, i.e., on the observed number of
blips divided by the total number of observations, which have
different reliabilities depending on the total number of obser-
vations, the results could be skewed. For example, if patient A
showed 1 blip out of 5 VLs, and patient B showed 10 blips out
of 50 VLs, both patients will have viral blip frequency 0.2/
sample but the estimate of viral blip frequency is more “reli-
able” for patient B than for patient A. However, when we only
consider patients that were observed for more than 35 times
during the period of suppression, the correlation between viral
blip frequency and maximum length of trains remains and even
improves [Spearman rank correlation, n � 32, � � 0.78, P �
4.6 
 10�9]. In addition, the same Spearman rank correlation
between the maximum length of trains and the frequency of
viral blips per patient was observed in the randomized data [�
� 0.66 � 0.04]). This can be qualitatively observed in Fig. 1,
where patients with isolated blips are the ones with lower viral
blip frequencies, whereas patients with longer trains are the
ones who have higher tendencies to show blips. Due to this
correlation, it is not common to observe a relatively long se-
quence of consecutive blips and no other blips during the
period of suppression. Such an occurrence should raise con-
cerns about adherence or other causes of incomplete suppres-
sion of viral replication even when the VL amplitudes of the
blips are not increasing.

FIG. 2. Viral blip frequency. (A) Distribution of viral blip frequen-
cies. The histogram was obtained by subdividing the range of observed
blip frequencies per patient into four subintervals and counting the
number of patients with a blip frequency within each subinterval (the
extremes of each subinterval are shown on the x axis). Occurrence of
consecutive blips. (B) The probability, p(�t), of observing a blip at the
VL measurement after the observation of a viral blip and made at a
time ��t days later. p(�t) decreases with the time between the two VL
measurements and after �30 days stabilizes at a value that is indepen-
dent of the sampling time. (C) Number of trains versus the length of
trains.
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Viral blip frequency does not increase with longer observa-
tion periods. In Fig. 3 the mean viral blip frequency observed
in nonoverlapping subperiods of 6 months, 9 months, or 1 year
is shown. The analysis was restricted to patients that were
observed more than 2 years (Fig. 3a), 3 years (Fig. 3b), or 4
years (Fig. 3c). A repeated-measures test, as well as the Fried-
man test to account for the lack of a normal distribution of
viral blip frequency, did not detect statistically significant
changes in viral blip frequencies between subintervals. Thus,
the viral blip frequency does not increase with longer periods
of observation. This result, together with the previous analysis
showing that blips appear to be distributed continuously over
the period of suppression, suggests that viral blip frequency is
constant over time. By using linear regression to estimate the
slope of the viral blip frequency versus the subinterval, in each
patient, we identified two patients in the 2-year group and one
patient each in the 3-year and 4-year groups with a negative
slope significantly different from zero with 0.01 � P � 0.05
(data not shown). Thus, four patients were outliers and showed
evidence of viral blip frequency changing with time. However,
the frequency in these four patients decreased rather than
increased as one would have expected if blips predicted treat-
ment failure.

Viral blip amplitudes. The mean � the standard deviation
and median viral blip amplitude were 158 � 132 and 104
HIV-1 RNA copies/ml, respectively. The mean viral blip am-
plitudes observed in nonoverlapping subperiods of 6 months, 9
months, or 1 year did not show statistically significance changes
over time (Fig. 3), as well as in sequences of consecutive blips
(data not shown). In addition, the mean viral blip amplitude in
sequences of consecutive blips does not increase within each
sequence (data not shown). Thus, one blip does not drive a
following blip of higher amplitude.

The distribution of blip amplitudes has an interesting pat-
tern, with most blips having low amplitude and a few blips
having large amplitude. The distribution of viral blip ampli-
tudes, shown in Fig. 4a, appears to be exponential at low

amplitudes (i.e., for blips up to �400 copies/ml) but decreases
more slowly than exponentially at high amplitudes. We inves-
tigated whether particular profiles of intermittent episodes of
viremia might generate the peculiar pattern of the observed
distribution.

VL profile during an IEV (blip shape). If we assume that the
time a VL is measured is random with respect to the VL
changes occurring during an IEV, then one is equally likely to
sample an IEV at any point in its history. Although, to our
knowledge, no one has ever sampled a patient frequently
enough during an IEV to know how the VL changes during the
episode, we do know that after a patient is put on HAART the
VL decays exponentially in a rapid first phase, followed by a
slower second exponential decay (16). Also, after a therapy
interruption, VLs tend to rise rapidly (19, 20). Thus, we inves-
tigated different shapes or set of shapes for an IEV that are
compatible with the measured amplitude distribution. In math-
ematical terms we are solving what has been called an “inverse
problem,” i.e., computing from the amplitude distribution an
underlying distribution of “blip shapes” that generated the
given amplitude distribution. In general, such problems do not
have unique solutions.

We can show that a rapidly rising function followed by a
two-phase exponential decay can generate the observed distri-
bution of viral blip amplitudes, even when the peak VL in each
IEV is different (Fig. 4b). Although we cannot estimate the two
decay constants separately, we can estimate that their ratio
must be about 10 (Fig. 4b). If we use the additional informa-
tion of a mean duration over a threshold of approximately 20
to 30 days, then the two decay constants approach the values of
0.6 and 0.06 day�1, values which are similar to the decay
constants estimated in previous studies and reflect the death
rates of short and long-lived subpopulations of infected cells
(15).

Viral blip frequency correlates with factors that precede the
period of treatment. Finally, we observed a statistically signif-
icant inverse correlation between the CD4�-T-cell count at the

FIG. 3. Mean viral blip frequency (■ ) and mean viral blip amplitude (F) � the standard error in nonoverlapping subperiods of observations.
The mean viral blip frequency and the mean viral blip amplitude do not vary significantly with the time of observation. The change in mean viral
blip frequency was tested for significance (Pf) with nonparametric repeated-measures analysis of variance (Friedman test). The change in mean
viral blip amplitude was tested for significance (PA) with the Kruskal-Wallis test. (a) Analysis restricted to patients that were observed more than
2 years from the third visit during the period of VL suppression (n � 63). Subintervals were fixed at 180 days (6 months), and the analysis was
limited to the first 2 years (Pf � 0.17 and PA � 0.44). (b) Analysis restricted to patients that were observed more than 3 years from the third visit
during the period of VL suppression (n � 30). Subintervals were fixed at 270 days (9 months), and the analysis was limited to the first three years
(Pf � 0.44 and PA � 0.84). (c) Analysis restricted to patients observed more than 4 years from the third visit during the period of VL suppression
(n � 10). Subintervals were fixed at 360 days (1 year), and the analysis was limited to the first four years (Pf � 0.08 and PA � 0.35).
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start of therapy, CD40, and the frequency of viral blips during
the period of suppression (� � �0.35, P � 3.7 
 10�5) (Fig.
4c). As expected, a positive correlation (� � 0.28, P � 8.7 

10�4) was observed between the VL at the start of therapy, V0,
and the blip frequency. A multivariate correlation analysis in
which both the variables V0 and CD40 were considered did not
show an increase in the prediction of blip frequency.

Taken together, these observations suggest that viral blip
frequency is independent of the period of treatment but does
appear to be, at least partially, determined by factors estab-

lished preceding treatment, which affect the probability of
showing blips during treatment.

DISCUSSION

Studies in which patients on potent antiretroviral therapy
were periodically tested for plasma HIV-1 RNA by using as-
says with a detection limit of 50 copies/ml have shown that
most well-suppressed patients demonstrate intermittent posi-
tive plasma HIV-1 RNA determinations (viral blips) (2, 18,

FIG. 4. Viral blip amplitudes, blip shape, and correlation between CD4�-T-cell count at the start of therapy and viral blip frequency. (a)
Distribution of number of blips versus viral blip amplitude. The histogram was obtained by counting the number of blips (y axis) with amplitude
in each subinterval of 50 HIV-1 RNA copies/ml of width (the extremes of each subinterval are shown on the x axis). (b) Hypothetical blip with
a rapidly rising and then two-phase exponential decline. If one randomly samples this profile, the number of blips with amplitude in the low range
(60 to 200) would be �10-fold higher than the number of blips in the high range (400 to 540). This requires the ratio between k1 and k2 to be �10,
and the rising phase must be sharp enough to be neglected. The same ratio was observed in the distribution of blip amplitudes collected from the
entire database of patients and is sensitive to the ratio between the two decay constants k1 and k2 but not to the duration of the intermittent episode
over the threshold. Values of k1 � 0.6 day�1 and k2 � 0.06 day�1 are consistent with a duration over threshold of approximately 20 to 30 days.
(c) CD4�-T-cell count at the start of therapy versus viral blip frequency. Spearman rank correlation, � � �0.35 (P � 3.9 
 10�5). The regression
line and the 95% confidence interval are shown.
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23). The source and the meaning of these episodic low-level
viremias in the setting of seemingly effective HAART remain
unclear. Nevertheless, achieving low levels of viremia during
antiretroviral treatment predicts a sustained virological re-
sponse. Kempf et al. reported a strong association between the
nadir plasma HIV-1 RNA and the durability of response to
treatment (11). Using a more sensitive PCR assay, Raboud et
al. observed that patients whose viremia fell to �20 copies/ml
are less prone to virological failure than those who stayed at
levels above this threshold (17). Havlir et al. found an associ-
ation between viral blips and a higher steady state of viral
replication, but not virological failure over 4.5 years of obser-
vation, with virological failure defined as two consecutive
plasma VLs of �200 copies/ml (6). Whether the emergence of
drug-resistant virions is associated with viral blips during treat-
ment is still controversial (1, 7) and deserves further and
prompt investigation. In principle, blips might arise also as a
result of lack in adherence to therapy. Thus, we have investi-
gated the occurrence of viral blips in a group of 123 patients
treated with eight different protease inhibitor-containing treat-
ment regimens, with the objective of characterizing blip arrival.

In examining the distribution of viral blip frequencies in the
entire population, we showed that the variability in the ob-
served number of blips per patient could not simply be ex-
plained by chance, thus supporting the conclusion that patients
have different tendencies to show blips. This conclusion also
supports the notion that the majority of blips are not simply
assay measurement error. Then, by asking whether the obser-
vation of a blip predicts the arrival of other blips at subsequent
VL measurements, we showed that blips arrive “substantially”
at random. The adjective “substantial” is used to highlight that
some degree of structure is present in blip arrivals, as con-
firmed by a risk analysis showing that, when a VL measure-
ment is taken within 22 days of a blip, there is a significantly
higher probability that the new VL measurement is still a blip.
This structure in blip arrivals can be reproduced by assuming
that intermittent episodes of viremia start at random and have
a common duration of ca. 20 to 30 days. In this case, two
consecutive VL measurements, if scheduled too close to each

other, might capture the same IEV, which ultimately explains
the observed degree of structure.

In addition, we found patients showing longer sequences of
consecutive blips are also the ones who have higher viral blip
frequencies during the period of VL suppression, whereas pa-
tients showing only isolated blips are the ones who have lower
viral blip frequencies. Thus, a sequence of consecutive blips,
even when they are as long as five, can be reproduced by the
casual occurrence of independent blips and do not necessarily
represent sustained VL over the threshold for the period cov-
ered by the sequence of blips.

In the patients studied it appears that blip frequency and
amplitude do not increase with time on therapy, suggesting
that reduced adherence as a result of treatment fatigue with
prolonged therapy is not a major factor in generating the
observed blips (Fig. 3). Finally, the observed inverse correla-
tion between CD4�-T-cell count at the start of therapy and
viral blip frequency suggests that the frequency of these ran-
domly arriving intermittent episodes of viremia, is, at least
partially, determined by factors that precede the period of
treatment. The evidence that an IEV may last over the thresh-
old of 50 copies/ml for 20 days or more also implies that
ongoing replication and not simply release of virus from acti-
vation of latently infected cells underlies the appearance of a
blip. The exact cause of blips remains unknown, although one
can speculate that incomplete drug penetration into certain
compartments is allowing viral replication to occur (12) and
random events, such as intercurrent illnesses, increase the
number of activated CD4� target cells and consequently the
amount of residual viral replication (10). Because our work
suggests that blips are typically part of a 20- to 30-day episode
of elevated viremia, it is unlikely that a blip simply corresponds
to one or a few missed drug dosages. If ongoing replication is
occurring, therapy is not fully potent or the drugs being used
cannot fully penetrate all compartments. In such cases, therapy
changes or the addition of newer, more potent agents to a drug
regime may suppress blips. Whether this will lead to clinical
benefit remains to be determined in larger prospective trials
but, as reported here, isolated blips and even sequences of

FIG. 4—Continued.
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successive blips were followed in all but two cases by a return
to a level of suppression of �50 copies/ml and not to virolog-
ical failure.
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